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Rehabilitation in regenerative medicine: regenerative rehabilitation
Akira Ito1）
Abstract
Clinical application of regenerative medicine is steadily advancing nowadays, and some cell 
therapies have already reached patients in need. However, in many cases, there are issues due to 
which patients were not able to adequately restore their function by just cell transplantation. 
Recently, the importance of rehabilitation is being revealed in the field of regenerative medicine; 
therefore, a new research field, Regenerative Rehabilitation, has emerged. A factor in the success 
of cell therapy is optimization of microenvironments both at the site of cell transplantation and 
around it. Rehabilitative approaches will be able to optimize one of the microenvironments such 
as the environment of mechanical stress and temperature. To put this into practice, we need to 
verify the effects of physical therapy on transplanted and endogenous cells and its mechanisms, 
safety, economics, and possibility for clinical application. These are the fields that physical thera-
pists can apply their specialty and experiences on adding or modifying mechanical stress. We 
hope that many physical therapists will join the field of Regenerative Rehabilitation.
Key  words:K Regenerative medicine, Rehabilitation, Mechanical stress, Microenvironment, 
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Fig. 1.　Adjustment of microenvironments is the key for success on cell therapy.








目 的 と し て い る（Fig. 2 ）． 米 国 理 学 療 法 協 会
（American Physical Therapy Association：APTA）
では再生リハビリテーションを以下の通り定義してい
る．“Regenerative Rehabilitation is the integration 
of principles and approaches from rehabilitation and 
regenerative medicine with the ultimate goal of de-
veloping innovative and effective methods that pro-



















































Fig. 3.　Definition of Regenerative Rehabilitation.




























Fig. 4. Proposed concept of Regenerative Rehabilitation.
































ン フ ラ ン シ ス コ 校 が 中 心 と な っ て，Alliance for 








Fig. 5. Conceptual steps of Regenerative Rehabilitation.
Fig. 6. Roles of physical therapy in the field of Regenerative 
Rehabilitation.







































1 ） Suzuki K, Smolenski RT, Jayakumar J, Murtuza 
B, Brand NJ, Yacoub MH: Heat shock treatment 
enhances graft cell survival in skeletal myoblast 
transplantation to the heart.  Circulation 102: 
III216‒21, 2000
2 ） Imura T, Matsumoto M, Fukazawa T, Khalesi E, 
Sun Y, Takeda M, Uwatoko H, Nakata K, Tani-
moto K, Kajiume T, Kawahara Y, Yuge L: Inter-
active effects of cell therapy and rehabilitation 
realize the full potential of neurogenesis in brain 
injury model. Neurosci Lett 555: 73‒78, 2013
3 ） Distefano G, Ferrari RJ, Weiss C, Deasy BM, 
Boninger ML, Fitzgerald GK, Huard J, Ambrosio 
F:  Neuromuscular electrical stimulation as a 
method to maximize the beneficial effects of 
muscle stem cells transplanted into dystrophic 
skeletal muscle. PLoS One 8: e54922, 2013
4 ） Sasaki Y, Sasaki M, Kataoka-Sasaki Y, Nakazaki 
M, Nagahama H, Suzuki J, Tateyama D, Oka S, 
Namioka T, Namioka A, Onodera R, Mikami T, 
Wanibuchi M, Kakizawa M, Ishiai S, Kocsis JD, 
Honmou O:  Synergic Effects of Rehabilitation 
and Intravenous Infusion of Mesenchymal Stem 
Cells After Stroke in Rats.  Phys Ther 96: 
1791‒1798, 2016
5 ） Tashiro S, Nishimura S, Iwai H, Sugai K, Zhang L, 
Shinozaki M,  Iwanami A,  Toyama Y,  Liu M, 
Okano H, Nakamura M: Functional Recovery from 
Neural Stem/ Progenitor Cell Transplantation 
Combined with Treadmill Training in Mice with 
Chronic Spinal Cord Injury. Sci Rep 6: 30898, 2016
6 ） Quarta M, Cromie M, Chacon R, Blonigan J, Gar-
cia V, Akimenko I, Hamer M, PaineP, Stok M, 
Shrager JB,  Rando TA:  Bioengineered con-
structs combined with exercise enhance stem 
cell- mediated treatment of volumetric muscle 
loss. Nat Commun 8: 15613, 2017
7 ） American Physical Therapy Association website: 
Regenerative Rehabilitation.  http: //www.apta.
org/regenerativerehab/（2018年 8 月21日引用）
Fig. 7. Number of articles for “Regenerative Rehabilitation”.
Title:01 特集 1- 伊藤 .indd　p7　2018/12/27/ 木 15:29:44
日本基礎理学療法学雑誌　第21巻 1 号（2018）
7
8 ） Ambrosio F, Boninger ML, Brubaker CE, Delitto 
A, Wagner WR, Shields RK, Wolf SL, Rando TA: 
Guest editorial: emergent themes from second 
annual symposium on regenerative rehabilita-
tion,  Pittsburgh,  Pennsylvania.  J Rehabil Res 
Dev 50: vii‒xiv, 2013.
9 ） Nowlan NC, Chandaria V, Sharpe J: Immobilized 
chicks as a model system for early-onset devel-
opmental dysplasia of the hip. J Orthop Res 32: 
777‒85, 2014
10） Chandaria VV, McGinty J, Nowlan NC: Charac-
terising the effects of in vitro mechanical stimu-
lation on morphogenesis of developing limb 
explants. J Biomech 49： 3635‒3642, 2016
11） Rando TA, Ambrosio F: Regenerative Rehabili-
tation:  Applied Biophysics Meets Stem Cell 
Therapeutics. Cell Stem Cell 22: 608, 2018
12） Thompson WR, Scott A, Loghmani MT, Ward SR, 
Warden SJ: Understanding Mechanobiology: Physi-
cal Therapists as a Force in Mechanotherapy and 
Musculoskeletal Regenerative Rehabilitation. Phys 
Ther 96: 560‒569, 2016




14） Ambrosio F, Russell A: Regenerative rehabilita-
tion: a call to action. J Rehabil Res Dev 47: xi-xv, 
2010
15） Alliance for regenerative Rehabilitation Research 





Title:01 特集 1- 伊藤 .indd　p8　2018/12/27/ 木 15:29:44
8
日本基礎理学療法学雑誌　第21巻 1 号（2018）
